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SECONDARY AUTHENTICATION OF A
USER EQUIPMENT

RELATED APPLICATIONS

This application 1s a continuation of the International

Application No. PCT/EP2017/084383, filed 22 Dec. 2017,
which claims priority to U.S. Provisional Patent Application
Ser. No. 62/451,645 filed 27 Jan. 2017, the entire contents of
cach of which are incorporated by reference herein.

TECHNICAL FIELD

The present application relates generally to a wireless
communication network, and relates specifically to second-
ary authentication of a user equipment configured for use 1n
a wireless communication network.

BACKGROUND

A wireless communication network conventionally
authenticates a user equipment based on credentials that are
pre-provisioned by the network operator and that are
securely stored with the user equipment. Support for alter-
native ways to authenticate a user equipment would enable
the wireless communication network to in turn support a
variety of possible use cases. For example, this would allow
factory owners or enterprises to leverage their own 1dentity
and credential management systems for authentication and
access network security.

Supporting alternative authentication methods proves
technically challenging, though. Many authentication meth-
ods have strict recommendations and requirements on the
transport network. Moreover, relying on Internet Protocol
(IP) connectivity for the support of alternative authentication
methods proves inflexible and jeopardizes separation
between the control plane and the user plane.

SUMMARY

One or more embodiments herein exploit an extensible
authentication protocol (EAP) between a user equipment
and a control plane function (e.g., a session management
function, SMF), in order to provide authentication of the
user equipment. Such authentication may be for instance
secondary authentication that 1s performed 1n addition (e.g.,
alter) primary authentication of the user equipment. Regard-
less, exploiting EAP 1n this way may prove advantageous 1n
that 1t supports diflerent types of authentication methods, 1s
not reliant on IP connectivity or a particular type of access
network, and/or 1s control plane based so as to keep sepa-
ration between the control plane and the user plane.

More particularly, embodiments herein include a method
for secondary authentication of a user equipment. The
method may comprise receiving, by the user equipment, an
extensible authentication protocol (EAP) request from a
session management function (SMF) that serves as an EAP
authenticator for secondary authentication of the user equip-
ment, wherein the secondary authentication 1s authentication
of the user equipment in addition to primary authentication
of the user equipment. The method may also comprise,
responsive to the EAP request, transmitting an EAP response
from the user equipment to the SMF.

Embodiments herein also include a method for secondary
authentication of a user equipment. The method may com-
prise transmitting an extensible authentication protocol
(EAP) request from a session management function (SMF)
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2

to a user equipment, wherein the SMF serves as an EAP
authenticator for secondary authentication of the user equip-
ment, wherein the secondary authentication 1s authentication
of the user equipment 1n addition to primary authentication
of the user equipment. The method may further comprise,
responsive to the EAP request, receiving at the SMF an EAP
response from the user equipment.

In some embodiments, the SMF also serves as an EAP
server that executes an EAP authentication method for the
secondary authentication of the user equipment. In other
embodiments, the SMF 1s configured to forward the EAP
request and the EAP response between the user equipment
and an EAP server that executes an EAP authentication
method for the EAP authenticator.

Still further embodiments herein include a method for
secondary authentication of a user equipment. The method
may comprise transmitting an extensible authentication pro-
tocol (EAP) request from an EAP server to a user equipment
via a session management function (SMF), wherein the SMF
serves as a pass-through EAP authenticator for secondary
authentication of the user equipment, wherein the secondary
authentication 1s authentication of the user equipment 1n
addition to primary authentication of the user equipment and
wherein the EAP server 1s configured to execute an EAP
authentication method for the EAP authenticator. The
method may further comprise, responsive to the EAP
request, receiving at the EAP server via the SMF an EAP
response from the user equipment.

In some embodiments, the user equipment and the SMF
are configured for use 1n a wireless communication network,
wherein the EAP server 1s 1n a data network with which the
user equipment requests a user plane session, wherein the
secondary authentication of the user equipment 1s authenti-
cation ol the user equipment to establish the user plane
session, and wherein the secondary authentication is del-
cgated by the wireless communication network to the data
network.

In some embodiments, the EAP request and the EAP
response are transmitted between the SMF and the EAP
server via a user plane function selected by the SMF. In one
embodiment, for example, the user plane function serves as
a proxy for the EAP server. In another embodiment, the user
plane function serves as a router via which the EAP request
and EAP response are transmitted transparently to the user
plane function.

In any of these embodiments, the EAP request and the
EAP response may be encapsulated within respective non-
access stratum (NAS) protocol messages between the SMFE
and the UE.

In some embodiments, the transmitting and receiving are
performed after the primary authentication of the user equip-
ment by a security anchor function in a core network.

In some embodiments, a core network comprises multiple
different network slices respectively dedicated to difierent
services, wherein the secondary authentication of the user
equipment comprises slice-specific authentication of the
user equipment for accessing a specific network slice of the
core network.

In some embodiments, the method further comprises,
based on successiul secondary authentication of the user
equipment, obtaining a security key shared between the user
equipment and the SMF.

In some embodiments, a session establishment request
transmitted from the user equipment triggers the secondary
authentication of the user equipment. In one such embodi-
ment, the session establishment request includes a secondary
identity of the user equipment used for the secondary
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authentication. Alternatively or additionally, a session estab-
lishment response transmitted to the user equipment
includes either an EAP success message indicating success
of the secondary authentication or an EAP failure message
indicating failure of the secondary authentication.

In some embodiments, the method further comprises
binding the secondary authentication of the user equipment
to a channel over which the secondary authentication 1s
performed.

In some embodiments, the method further comprises
deriving, based on successiul secondary authentication of
the user equipment, a security key shared between the user
equipment and the SMF, wherein said denving comprises
deriving the security key as a function of binding informa-
tion associated with a channel over which the secondary
authentication 1s performed. In one such embodiment, said
binding information comprises one or more of: imnformation
identifying a type of an access network via which the user
equipment accesses a wireless communication network;
information identifying a type of a core network of the
wireless communication network; information identifying a
core network slice to which the user equipment 1s requesting
access; and information identifying a type of a core network
slice to which the user equipment 1s requesting access.

In some embodiment, the SMF 1s included in a 5G
network.

Embodiments also include corresponding apparatus, com-
puter programs, and carriers.

Some embodiments herein may therefore use EAP
(rfc3748) for authentication between a user equipment (UE)
and a potentially external authentication, authorization, and
accounting (AAA) server where the SMF, a session man-
agement function 1n 5G core, endorses the role of the EAP
authenticator. EAP payloads may be carried by the non-
access stratum (NAS) protocol between the UE and the
SMEF. The NAS protocol 1s the highest stratum of the control
plane. The NAS protocol may be split between NAS Mobil-
ity Management (NAS-MM), and NAS Session Manage-
ment (NAS-SM), and the NAS-SM messages are carried
over NAS-MM 1n a transparent container. The SMF interacts
with a backend AAA server possibly located 1n an external
domain. The EAP packets may be transported over AAA
between the SMF and this external server in direct commu-
nication as for the Protocol Configuration Options (PCO)
option or alternatively transparently over the user plane
tfunction (UPF). Another possibility would be that the EAP
server 1s not used, and the SMF (1.e. the EAP authenticator)
executes the EAP method.

Some embodiments therefore leverage EAP which pro-
vides support for many authentication methods such as EAP
Transport Layer Security (EAP-TLS), EAP Authentication
and Key Agreement (EAP-AKA), EAP Tunneled TLS
(EAP-TTLS) and EAP Protected EAP (EAP-PEAP). One or
more embodiments are based on the encapsulation of the
EAP messages 1n the NAS protocol and thus agnostic to the
type of access network (AN). Some embodiments are con-
trol plane based and therefore agnostic to the type of PDU
session, 1.e. Internet Protocol (IP), non-IP etc. By using EAP,
some embodiments support different types of credentials and
authentication methods. The EAP exchange would benefit
from the protection of over the air interfaces provided by the
NAS protocol. Additionally, the EAP exchange may result in
the establishment of security keys to be used for e.g. the
protection of the user plane towards the established Data

Network.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a wireless communication
network according to one or more embodiments.
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FIG. 2 1s a block diagram of a 5G network according to
some embodiments.

FIG. 3 1s a call tlow diagram for secondary authentication
of a UE according to some embodiments.

FIG. 4 15 a block diagram of a protocol stack for exchang-
ing EAP messages between a UE and AAA server according
to some embodiments.

FIG. 5 1s a block diagram of a protocol stack for exchang-
ing EAP messages between an SMF and AAA server accord-
ing to some embodiments.

FIG. 6 1s a logic tlow diagram of a method performed by
a user equipment according to some embodiments.

FIG. 7 1s a logic tlow diagram of a method performed by
a control plane function (e.g., SMF) according to some
embodiments.

FIG. 8 1s a logic flow diagram of a method performed by
an EAP server) according to some embodiments.

FIG. 9A 15 a block diagram of a user equipment according,
to some embodiments.

FIG. 9B 1s a block diagram of a user equipment according,
to other embodiments.

FIG. 10A 1s a block diagram of control plane equipment
according to some embodiments.

FIG. 10B 1s a block diagram of control plane equipment
according to other embodiments.

FIG. 11A 1s a block diagram of an EAP server according
to some embodiments.

FIG. 11B 1s a block diagram of an EAP server according
to other embodiments.

DETAILED DESCRIPTION

FIG. 1 illustrates a wireless communication network (e.g.,

a 5G network) according to one or more embodiments. The
network 1ncludes an access network 12 and a core network.
The core network includes one or more control plane
functions, one of which 1s shown as control plane function
14. The core network may include for instance one control
plane function in the form of a session management function
(SMF) responsible for session management and a separate
control plane function in the form of an access and mobility
management function (AMF) responsible for mobility man-
agement. In any event, the core network also includes a user
plane function 16.

As shown 1n FIG. 1, a user equipment 18 may request a
session 20 (e.g., a user plane session or a packet data unit,
PDU, session) with a data network 22 (e.g., that provides
network operator services, Internet access, or 3rd party
services). The data network 22 may be internal or external
to the wireless communication network. Regardless, the user
plane function 16 1s configured to forward user plane tratlic
for this session, whereas the control plane function(s) are
configured to control that session (e.g., via control signaling
for that session).

One or more embodiments concern authentication of the
user equipment 18, e¢.g., authentication of the user equip-
ment 18 to establish the session 20 with the data network 22.
The authentication may be secondary 1n nature, 1n the sense
that 1t 1s authentication that occurs in addition to other
so-called primary authentication of the user equipment (e.g.,
which may use pre-provisioned credentials and/or be per-
formed by a security anchor function). In some embodi-
ments, for example, the user equipment 12 requesting the
session 20 with the data network 22 triggers such secondary
authentication, e.g., after primary authentication. This sec-
ondary authentication may even be performed by, controlled
by, and/or delegated to that data network 16.
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One or more embodiments herein exploit an extensible
authentication protocol (EAP) between the user equipment
18 and a control plane function 14 (e.g., a session manage-
ment function, SMF) 1n the core network, 1n order to provide
the secondary authentication of the user equipment 18. The
control plane function 14 1n this regard may serve as an EAP
authenticator 24 for the secondary authentication. The user
equipment 18 may 1n turn serve as a peer for EAP authen-
tication.

In some embodiments, the control plane function 14 also
serves as an EAP server that actually executes an EAP
authentication method for the secondary authentication. In
other embodiments, an EAP server 26 separate from the
control plane function 14 (as EAP authenticator) executes an
EAP authentication method for the EAP authenticator. The
EAP server 26 may for instance be located in the data
network 22 as shown 1 FIG. 1. An EAP server 26 separate
from the EAP authenticator may be referred to as a backend
authentication server or simply authentication server. Sepa-
rating the EAP server from the control plane function 14
means that, rather than requiring the control plane function
14 to support each authentication method provided by the
user equipment 18, for mstance, EAP flexibly allows the
control plane function 14 to act as a pass-through for some
or all authentication methods that are supported by the EAP
server 26. This 1n turn allows secondary authentication to be
delegated to the data network 22 in some embodiments.
Accordingly, the user equipment 18 may perform an authen-
tication method or procedure with the EAP server 26 via, or
as provided by, the control plane function 14. Such an
EAP-based approach may prove advantageous in that i1t
supports different types of authentication methods, 1s not
reliant on IP connectivity or a particular type ol access
network, and/or 1s control plane based so as to keep sepa-
ration between the control plane and the user plane.

With the control plane function 14 serving as EAP authen-
ticator 24 for secondary authentication of the user equipment
18, the user equipment 18 and control plane function 14 may
engage 1 an EAP authentication exchange. As shown 1n
FIG. 1, that exchange may involve the control plane function
14 transmitting an EAP request 28 to the user equipment 18,
and the user equipment 18 in turn receiving the EAP request
28 from the control plane function 14. This EAP request 28

may request any one of multiple different possible types of

requestable information from the user equipment 18 (e.g., an

identity, an MDJ5-challenge, etc.). The requested type of

information may be indicated by a type field 1n the request
28. In any event, the EAP request 28 may request informa-
tion as part of negotiating which authentication method 1s to
be used for secondary authentication of the user equipment
18.

Responsive to the EAP request 28, the user equipment 18
(as EAP peer) may transmit an EAP response 30 to the
control plane function 14 (as EAP authenticator 24). The
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28.

One or more additional sequences of requests and
responses may continue in a similar manner. Such may
continue until the control plane function 14 as EAP authen-
ticator cannot authenticate the user equipment 18 (e.g., due
to an unacceptable EAP response to one or more EAP
requests), or until the control plane function 14 as EAP
authenticator determines that successiul authentication has
occurred.

In some embodiments, for example, the user equipment’s
transmitting of a request for establishment of the session 20
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triggers the secondary authentication of the user equipment
18. In this case, a session establishment response may 1n turn
be transmitted to the user equipment and include either an
EAP success message indicating success of the secondary
authentication or an EAP failure message indicating failure
of the secondary authentication.

In these and other embodiments, the EAP request 28 and
EAP response 30 may be encapsulated within respective
non-access stratum (NAS) protocol messages. NAS 1n this
regard may be the highest stratum of the control plane. So
encapsulated, the EAP request 28 and EAP response 30 may
be communicated between the user equipment 18 and the
control plane function 14 no matter the type of the access
network 12.

In embodiments involving EAP server 26 (e.g., 1n the data
network 22 as shown in FIG. 1) for the secondary authen-
tication, the control plane function 14 may forward the EAP
request 28 and EAP response 30 between the user equipment
18 and the EAP server 26. The control plane function 14 may
for mstance mspect EAP messages transmitted or received,
in order to determine whether or where to forward those
messages. In any event, the EAP server 26 may transmit the
EAP request 28 to the user equipment 18 via the control
plane function 14 as EAP authenticator, and, responsive to
the EAP request, may receive via the control plane function
14 the EAP response 30 from the user equipment 18.

In some embodiments, the EAP request 28 and the EAP
response 30 are transmitted between the control plane func-
tion 14 and the EAP server 26 via the user plane function 16,
¢.g., which may be selected by the control plane function 14.
In some embodiments, the user plane function 16 may serve
as a proxy for the EAP server 26. In other embodiments, the
user plane function 16 serves as a router via which the EAP
request 28 and EAP response 30 are transmitted transpar-
ently to the user plane function 16.

These and other embodiments may therefore allow the
wireless communication network to delegate to the data
network 22 the secondary authentication of the user equip-
ment 18 (e.g., for authenticating the user equipment’s estab-
lishment of the session 20 with the data network 22).
Especially where the data network 22 implements the EAP
server 26 that actually executes the authentication method
used for such authentication, this may mean that the wireless
communication network generically and flexibly supports
different authentication methods.

Alternatively or additionally, the core network 1n some
embodiments may comprise multiple different network
slices respectively dedicated to different services. In this
case, the secondary authentication of the user equipment 18
may comprise slice-specific authentication of the user equip-
ment 18 for accessing a specific network slice of the core
network. In a similar way, then, the wireless communication
network may generically and flexibly support different
authentication methods (e.g., which may be diflerent for
different network slices).

One or more embodiments will now be described in the
context of 5G (a.k.a., Next Generation, NG) as being devel-
oped by 3GPP. 5G aims (among other things) to separate the
control plane from the user plane. The control plane 1is
responsible for control and transmission of signaling infor-
mation, while the user plane 1s responsible for forwarding
user traflic. Separating the control plane mvolves extracting,
the control plane functions from a gateway to leave a
simpler, user-plane node. A gateway thus 1s “split” 1nto
S/PGW-U and S/PGW-C components that can that can scale
independently, where SGW-U 1s the component of a serving
gateway (SGW) that handles user plane functions, PGW-U
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1s the component of a packet gateway (PGW) that handles
user plane functions, SGW-C i1s the component of a SGW
that handles control plane functions, and PGW-C 1is the
component of a PGW that handles control plane functions.
This way, the control plane, and all the associated complex
interactions, can be centralized, while the user plane 1is
distributed across the IP services fabric and scaled as
required by the traflic load.

Further, 5G enables network function virtualization and
software defined networking. The 3G system architecture
shall leverage service-based interactions between Control
Plane (CP) network functions where 1dentified.

Moreover, 5G aims to modularize function design, €.g., to
cnable flexible and eflicient network slicing. Further, wher-
ever applicable, procedures (1.e., the set of interactions
between network functions) are defined as services, so that
their re-use 1s possible.

FIG. 2 1n this regard depicts a baseline architecture for
NG. The architecture includes various network functions.
Control plane functions include a session management func-
tion (SMF), an access and mobility management function
(AMF), a policy control function (PCF), an authentication
server function (AUSF), and umfied data management
(UDM).

The SMF may include some or all of the following
functionality. Some or all of the SMF functions may be
supported 1n a single mstance of an SMF. SMF functionality
includes session management (e.g. session establishment,
modily and release, including tunnel maintain between UPF
and access network node), UE IP address allocation &
management (including optional authorization), selection
and control of the UP function, configuration of traflic
steering at UPF to route tratlic to proper destination, termi-
nation of interfaces towards policy control functions, control
ol part of policy enforcement and quality of service (QoS),
lawtul intercept (for SM events and interface to lawiul
intercept system), termination of SM parts of NAS mes-
sages, downlink data notification, initiation of AN specific
SM information, sent via AMF over N2 to AN, determina-
tion of service and session continuity (SSC) mode of a
session (for IP type PDU session), roaming functionality,
handling of local enforcement to apply QoS service level
agreements (SLAs) (Visited public land mobile network,
VPLMN), charging data collection and charging interface
(VPLMN), lawful mtercept (in VPLMN for SM events and
interface to LI System), and support for interaction with
external DN {for transport of signalling for PDU session
authorization/authentication by external DN.

By contrast, the Access and Mobility Management func-
tion (AMF) may include some or all of the following
functionality. Some or all of the AMF functions may be
supported 1n a single istance of a AMF: termination of radio
access network (RAN) CP interface (N2), termination of
NAS (N1), NAS ciphering and integrity protection, regis-
tration management, connection management, reachability
management, mobility Management, lawiul intercept (for
AMF events and interface to LI System), transparent proxy
for routing SM messages, access Authentication, access
Authorization, security Anchor Function (SEA or SEAF),
and security Context Management (SCM) which receives a
key from the SEA that 1t uses to derive access-network
specific keys. With particular regard to the SEA, 1t interacts
with the authentication server function (AUSF) and the UE,
and receives the mtermediate key that was established as a
result of the UE authentication process. In case of USIM
based authentication, the AMF retrieves the security mate-

rial from the AUSE.
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A user plane function (UPF) may include some or all of
the following functionality. Some or all of the UPF functions
may be supported 1n a single instance of a UPF: anchor point
for Infra-/Inter-radio access technology (RAT) mobility
(when applicable), external PDU session point of intercon-
nect to Data Network, packet routing & forwarding, packet
ispection and User plane part of Policy rule enforcement,
lawful intercept (UP collection), trathic usage reporting,
uplink classifier to support routing traflic flows to a data
network, branching point to support multi-homed PDU
session, QoS handling for user plane, e.g. packet filtering,
gating, uplink/downlink rate enforcement, uplink Traflic
verification (SDF to QoS flow mapping), transport level
packet marking in the uplink and downlink, and downlink
packet buffering and downlink data notification triggering.

Any of these network functions can be implemented
either as a network element on a dedicated hardware, or as
a soltware instance running on a dedicated hardware, or as
a virtualized function instantiated on an approprate plat-
form, e.g. on a cloud infrastructure.

Among the new features in NG Systems 1s the concept of
Network Slicing. A Network Slice (NS) 1s basically an
instance of a core network dedicated to providing a particu-
lar service. This will allow operators to handle this wide
variety ol new use cases each with diflerent service require-
ments 1 terms of Quality of Service (QoS). For example, an
operator could be running a slice for usual mobile broadband
(MBB) services, 1n parallel with a mission critical slice for
public safety services (mission critical push to talk,
MCPTT) requiring very low latency and 1n parallel with an
internet-of-things (Io7T) slice for electricity meters with very
low bandwidth.

To support diverse service types, operators will use mul-
tiple core networks deployed as “network slices” on a
common IP services infrastructure. The idea, shown in FIG.
2, 1s to create virtual core network instances (or “slices”)
dedicated to different services. Each slice can be optimized
for the trathic profile and the commercial context of the
associated service—ior example, IoT, public safety, mobile
virtual network operator (MVNO), connected car, voice
over WiF1 or enterprise services. Network slices can be two
dimensional in the sense that they can be both service- and
customer-specific

It 15 expected that 5G will support many new scenarios
and use cases and will be an enabler for the IoT. It is
expected that NG systems will provide connectivity to a
wide range of new devices such as sensors, smart wearables,
vehicles, machines, etc. Flexibility would be then a key
property 1n NG Systems. This 1s reflected 1n the security
requirement for network access that are mandating the
support of alternative authentication methods and different
types of credentials than the usual AKA credentials pre-
provisioned by the operator and securely stored in the
umversal integrated circuit card (UICC). This would allow
factory owners or enterprises to leverage their own identity
and credential management systems for authentication and
access network security.

5G may decouple the authentication and authorization
procedures for accessing different network slices (NSs). One
possible scenario 1s the following. In order for a NG-UE to

access a particular NS, the operator may first run the primary
(usual) authentication for mnitial network access towards
AUSF/UDM via AMEF, followed by a secondary NS-specific
authentication possibly under the control of a 3rd party. This
1s assuming trust between the 3rd party service provider and
the mobile network operator (MNO) who for example 1s
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offering access and transport services to this 3rd party 1n a
dedicated network slice instance.

A so called Ciphered Option Request and the use of an
information element called the Protocol Configuration
Options (PCO) could be relevant for the scenario described
above. The PCO could transfer password authentication
protocol (PAP)/challenge handshake authentication protocol
(CHAP) usernames and passwords to the packet data net-
work gateway (PDN-GW) which then runs them through an
AAA server (potentially located 1n an external domain) for
access authorization. Since this mformation 1s sensitive and
needs to be protected, 1f the UE intends to send PCO which
require ciphering (e.g., PAP/CHAP usernames and pass-
words), the UE shall set the Ciphered Options Transfer Flag
in the Attach Request message and send the PCO only after
authentication and NAS security setup have been completed.

Among the limitations of this mechanism for use or
extension in NG systems are the following.

First, the mechanism 1s very limited 1n terms of possible
authentication methods. Currently there 1s only support for
PAP and CHAP. But since PAP i1s obsolete from a security
point of view, we are only left with CHAP.

Second, 1n order to support other methods and use the
PCO information element for the transport of authentication

information, 1t would be required to specily special mes-
sages between the MME and the S-GW and the S-GW and
PDN-GW dedicated to this purpose. This 1s to handle
authentication methods that require more than just one
round-trip.

Furthermore, 1t 1s diflicult to see how this mechanism
would fit in the Next Generation architecture which 1s going
to be broken further down. In fact, taking into consideration
the new archiutectural features (TR 23.799), we can state that
there will be probably more hops 1n the path between the UE
and the PDN-GW, for example 1n relation to the ongoing
work on the split of the MME into an AM and an SM
function (TR 23.799) and the control and user plane sepa-
ration (CUPS) work for the control and user plane split (TR
23.714). This implies more overload and signaling in the
CN.

Finally, this mechanism 1s a workaround because there 1s
no direct protocol between the UE and the PDN-GW.
Making 1t generic enough to support other authentication
methods would be technically challenging, especially since
many methods have strict recommendations and require-
ments on the transport.

One or more embodiments address some of these and/or
other challenges for secondary authentication through the
use of EAP. EAP 1s specified in IETF RFC 3748. EAP 1s an
authentication framework which supports multiple authen-
tication methods.

One of the advantages of the EAP architecture 1s its
flexibility. EAP 1s used to select a specific authentication
mechanism, typically after the authenticator requests more
information in order to determine the specific authentication
method to be used. Rather than requiring the authenticator to
be updated to support each new authentication method, EAP
permits the use of a backend authentication server, which
may implement some or all authentication methods, with the
authenticator acting as a pass-through for some or all
methods and peers. The EAP protocol can support multiple
authentication mechanisms without having to pre-negotiate
a particular one.

In EAP nomenclature, an EAP authenticator 1s the end of
the link 1mtiating EAP authentication. A peer 1s the end of
the link that responds to the authenticator. A backend authen-

tication server 1s an entity that provides an authentication
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service to an authenticator. When used, this server typically
executes EAP methods for the authenticator. An EAP server
1s the entity that terminates the EAP authentication method
with the peer. In the case where no backend authentication
server 15 used, the EAP server 1s part of the authenticator. In
the case where the authenticator operates 1n pass-through
mode, the EAP server 1s located on the backend authenti-
cation server. Successiul authentication 1s an exchange of
EAP messages, as a result of which the authentication
decides to allow access by the peer, and the peer decides to
use this access. The authenticator’s decision typically
involves both authentication and authorization aspects; the
peer may successiully authenticate to the authenticator, but
access may be denied by the authenticator due to policy
reasons.

The EAP authentication exchange proceeds as follows.
The authenticator sends a Request to authenticate the peer.
The Request has a Type field to indicate what 1s being
requested. Examples of Request Types include Identity,
MD35-challenge, etc. Typically, the authenticator will send
an 1nitial Identity Request; however, an 1nitial Identity
Request 1s not required, and MAY be bypassed.

The peer sends a Response packet 1 reply to a valid
Request. As with the Request packet, the Response packet
contains a Type field, which corresponds to the Type field of
the Request.

The authenticator sends an additional Request packet, and
the peer replies with a Response.

The sequence of Requests and Responses continues as
long as needed. The conversation continues until the authen-
ticator cannot authenticate the peer (unacceptable Responses
to one or more Requests), in which case the authenticator
implementation MUST transmit an EAP Failure (Code 4).

Alternatively, the authentication conversation can continue
until the authenticator determines that successtul authenti-
cation has occurred, 1n which case the authenticator MUST
transmit an EAP Success (Code 3).

When operating as a “‘pass-through authenticator”, an
authenticator performs checks on the Code, Identifier, and
Length fields. It forwards EAP packets received from the
peer and destined to 1its authenticator layer to the backend
authentication server; packets received from the backend
authentication server destined to the peer are forwarded to 1t.

FIG. 3 illustrates the flow of messages involving both a
primary and a secondary authentication, using EAP, accord-
ing to some embodiments.

Step 1: The UE sends a registration request.

Step 2: The primary authentication procedure 1s executed
between the UE and the SEAF. Upon successiul authenti-
cation, the primary identity (e.g. international mobile sub-
scriber 1dentifier, IMSI) 1s verified, and the next steps are
executed.

Step 3: The NAS Security 1s set up, 1.e., CP security. From
now on all NAS messages are confidentiality and integrity
protected.

Step 4: The handling of PDU session establishment
request 1s done 1n two steps. In step 4a, the UE sends the
PDU session establishment request to AME. This message
contains the primary identity and may optionally carry the
secondary 1dentity used later in the EAP secondary authen-
tication. The request 1s 1mtegrity and optionally confidenti-
ality protected between the UE and AMF. AMF venfies that
the message originates from the UE that was authenticated
in step 2, and forwards 1t including the verified identity
information. In step 4b, the SMF receirves a PDU session
establishment request from the AMF. If the SMF has not run
secondary authentication for the primary identity, and it has
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a local policy for authenticating the UEs, SMF must 1nitiate
the secondary authentication procedure. The SMF also
maintains a re-authentication policy, and if the recerved
primary 1dentity was authenticated by the SMF a very long
time ago, 1t may need to initiate re-authentication.

Step 5: The secondary authentication procedure 1s per-

formed between the UE and the external AAA via the SMF.
In this case, then, the SMF serves as EAP authenticator and
the external AAA serves as EAP server. The EAP messages
are transported over the NAS-SM protocol, transparently to
AMF. This may require the specification of new NAS-SM
messages that may carry SM-EAP packets, e.g. SM-authen-
tication-request and SM-authentication-response. If the
PDU session establishment request carried the secondary

identity of the UE, the SMF can skip the EAP-Identity

request, and 1nitiate the EAP authentication directly with the
AAA server. The EAP exchange over the air interface
benefits from the protection at the NAS layer.

The secondary EAP authentication may optionally need to
be bound to the channel 1t was run over, or otherwise there
1s a risk that a Man-in-the-middle tunnels EAP packets
between the channels (e.g. if the same EAP method and
credentials are used over various channels). Channel binding
can be done by taking channel related information (e.g. the
primary 1dentity used in step 2 assuming it may include
information related to the access type or core network type
or the network slice related information). The channel
related information i1s either used directly in the crypto-
graphic operations within the secondary EAP authentication,
or later when using the master key (1.e. master session key,
MSK, or extended MSK, EMSK) created from the second-
ary authentication for some purposes. The channel informa-
tion may be one of the following: access network type (e.g.
5G radio, wireless local access network WLAN), the core
network type (e.g. 5G core network) or the network slice

type or i1dentifier (e.g. Network Slice Selection Assistance
Information NSSAI, SM-NSSAI or Data Network Name

DNN).

In particular, most EAP authentication methods create a
master key (MSK and EMSK) as a result of authentication.
This key 1s used to create session keys e.g. mtegrity pro-
tection key or ciphering key. The channel binding can be
done 1n two places: a) inside EAP method when creating
MSK/EMSK, and 1n this case the binding parameters are
input values to the key denvation: MSK=KDF(binding
parameters, other parameters) and/or EMSK=KDF(binding,
parameters, other parameters); or b) after the MSK/EMSK
have been created when creating some other (master) key:
Key=KDF(binding parameters, MSK) and/or Key=KDF
(binding parameters, EMSK).

Step 6: As the part of the AAA exchange, the external
AAA server may indicate to the SMF a re-authentication
policy. This could be e.g. the maximum time after which a
new authentication 1s required.

After successiul authentication, the AAA exchange may
also include the exchange of service/session authorization
information to the SMF. In this case, the AAA may provide
the SMF with a service authorization profile (or service
authorization profile identifier/token) from which the SMF
will be able to determine 11 the requested service 1s autho-
rized for the user, and 1f authorized 1n which way the service
shall be offered 1n terms of e.g. Quality of Service, Quality
ol experience, charging, etc.

Step 7: The SMF optionally makes binding between
primary 1dentity and secondary identity, and stores that
locally. When SMF sees a new request from AMEF that
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carries the primary 1dentity, it may trust that the messages
originate from the same UE that has the secondary identity.

Step 8: After successiul authentication and authorization,
the SMF will select a User Plane Function, UPF, for the user
plane related to the service being requested.

Step 9: The SMF sends back a PDU session establishment

response depending on the outcome of the secondary
authentication. This message may carry the final EAP mes-
sage, 1.¢. PDU session establishment accept may carry EAP

Success or PDU session establishment failure may carry
EAP Failure.

In step 5, the SMF endorses the role of the EAP authen-
ticator and may rely on a backend AAA server in the data
network, possibly in another security domain, e.g. controlled
by a 3rd party. Then it 1s left open how the AAA messages
are transported between the SMF and the AAA server.
Different possibilities exist. In a first embodiment, the AAA

messages are transported via a direct interface between SMF
and the AAA similarly as 1n the EPC PCO solution. This
interface 1s established based on business agreements when
the AAA 1s controlled by a 3rd party. FIG. 4 shows the
protocol architecture for the support of the EAP based
secondary authentication with a direct interface between the
SMF and the AAA server (called XX). On the UE to SMF
side, 1t shows a possibility on how the EAP messages are
carried over the NAS protocol.

In a second embodiment, the AAA messages are trans-
ferred transparently over NG4-NG6 1nterfaces through the
UPF. The UPF could endorse the role of a AAA proxy or
even simpler, an IP router. In this case, the SMF will execute
step 8 before the AAA exchange 1n step 5 of FIG. 3 so 1t 1s
possible to handle the AAA exchange via the selected UPF.
FIG. 5 shows the support of the EAP based secondary
authentication where the EAP messages are transported
through the UPF over the NG4-NG6 interfaces. That 1s,
NG4-NG6 1nterfaces are used transparently to carry AAA
messages between SMFE and AAA server. In this particular
case (FIG. §5), the UPF could act as an IP router so that the
AAA exchange between the SMF and the AAA server 1s
transparent to the UPF.

In a third embodiment, the UPF may actually act as an
AAA proxy.

In a fourth embodiment, the SMF may act as the EAP
server and 1n such case there 1s no need for interaction with
an external AAA server at all.

In a fifth embodiment, the primary 1dentity and secondary
identity are the same or related to each other e.g. (a part of)
the primary 1dentity 1s encoded into the secondary identity.
The credentials used for authentication can still be different.

Similarly to the PCO based mechanism, the secondary
authentication could be used for an additional authorization
controlled by an external party upon the UE’s request for the
establishment of specific or additional PDU sessions. Other
use cases related to the UP protection and slicing are
described 1n the following clauses.

User plane protection: First, should protection of the UP
traflic be terminated in an UPF, the following assumption 1s
made. A user plane protection between the UE and an UPF
1s 1implemented via an additional protocol layer indepen-
dently of the protection over the NGU interface between the
UE and the access network.

In such case, the secondary authentication could be used
to establish the necessary keys. In fact, following a success-
ful authentication, the resulting MSK key shared between
the SMF (EAP authenticator) and the UE (peer) could be

used for this particular purpose.
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The mechanisms for the distribution of the protection
keys, algorithm negotiation and activation of the security
mode would be then generic and agnostic to the authenti-
cation method. All these operations could be performed 1n
conjunction with the PDU session establishment (step 9 1n
FIG. 3).

Support of Network Slicing: The secondary authentica-
tion could be used for Network Slice specific authorization.
In fact, upon successiul primary authentication via a certain
AMEF, the UE could potentially be provided services via all
the Network Slices served by that particular AMF. It could
be the case that the UE 1s automatically authorized to access
all or some of the slices based on subscriptions information.
Alternatively, the authorization could be enforced on a slice
specific basis using the secondary authentication during the
creation of a PDU session for a particular slice.

For the protection of the UP traflic between the UE and a
particular slice, the mechanism described in the previous
clause could be used. However, the configuration of the
slices 1n the sense of who manages or owns which network
function becomes relevant. From a trust model perspective,
this would require that the UPF and SMF are slice specific;
otherwise the protection would not serve any purpose.

In view of the above variations and modifications, FIG. 6
illustrates a method for secondary authentication of a user
equipment 18 configured for use 1n a wireless communica-
tion network, e.g., that comprises an access network 12 and
a core network, according to some embodiments. The
method 1s performed by the user equipment 18. The method
may comprise receiving, by the user equipment 18, an
extensible authentication protocol (EAP) request 28 from a
control plane function 14 that 1s 1n the core network (e.g., an
SMF) and that i1s serving as an EAP authenticator 24 for
secondary authentication of the user equipment 18 (Block
100). The secondary authentication may be authentication of
the user equipment 18 1n addition to primary authentication
of the user equipment 18. The method may also comprise,
responsive to the EAP request 28, transmitting an EAP
response 30 from the user equipment 18 to the control plane
function 14 (e.g., SMF) (Block 110).

FIG. 7 illustrates a corresponding method performed by
the control plane function 14 (S.1., SMF). The method may
comprise transmitting an extensible authentication protocol
(EAP) request 28 from a control plane function 14 (e.g.,
SMF) to a user equipment 18, wherein the control plane
function 14 1s 1n the core network and is serving as an EAP
authenticator 24 for secondary authentication of the user
equipment 18 (Block 200). Again, the secondary authent-
cation may be authentication of the user equipment 18 1n
addition to primary authentication of the user equipment 18.
The method may also comprise, responsive to the EAP
request 28, recerving at the control plane function 14 an EAP
response 30 from the user equipment 18 (Block 210).

In some embodiments, the control plane function 14 1s
also serving as an EAP server that executes an EAP authen-
tication method for the secondary authentication of the user
equipment 18. Alternatively, the control plane function 14
may serve as a pass-through-authenticator that forwards the
EAP request 28 and the EAP response 30 between the user
equipment 18 and an EAP server 26 (separate from the EAP
authenticator) that executes an EAP authentication method
tor the EAP authenticator.

FIG. 8 1n this regard illustrates a method performed by an
EAP server 26 for secondary authentication of the user
equipment 18. The method may comprise transmitting an
extensible authentication protocol (EAP) request 28 from an
EAP server 26 to a user equipment 18 via a control plane
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function 14 (e.g., SMF) (Block 300). The control plane
function 1n this regard 1s in the core network and 1s serving
as a pass-through EAP authenticator for secondary authen-
tication of the user equipment 18. The secondary authenti-
cation may be authentication of the user equipment 18 1n
addition to primary authentication of the user equipment 18.
The EAP server 26 may be configured to execute an EAP
authentication method for the EAP authenticator 24. The
method may further comprise, responsive to the EAP request
28, receiving at the EAP server 26 via the control plane
function 14 an EAP response 30 from the user equipment 18
(Block 310).

In some embodiments, the FAP server 26 1s 1n a data
network 22 with which the user equipment 18 requests a user
plane session. The secondary authentication of the user
equipment 18 may be authentication of the user equipment
18 to establish the user plane session 20. In some embodi-
ments, the secondary authentication i1s delegated by the
wireless communication network to the data network 22.

Note that a network node herein 1s any type of node 1n the
AN 14 (e.g., a base station) or core network. Where the
network node 1s a radio network node 1n the AN, the node
may be capable of communicating with another node over
radio signals. A wireless device 1s any type device capable
of communicating with a radio network node over radio
signals. A wireless device may therelore refer to a machine-
to-machine (M2M) device, a machine-type communications
(MTC) device, a NB-IoT device, etc. The wireless device
may also be a UE, however 1t should be noted that the UE
does not necessarily have a “user” in the sense of an
individual person owning and/or operating the device. A
wireless device may also be referred to as a radio device, a
radio communication device, a wireless terminal, or simply
a terminal-—unless the context indicates otherwise, the use
of any of these terms 1s intended to include device-to-device
UEs or devices, machine-type devices or devices capable of
machine-to-machine communication, sensors equipped with
a wireless device, wireless-enabled table computers, mobile
terminals, smart phones, laptop-embedded equipped (LEE),
laptop-mounted equipment (LME), USB dongles, wireless
customer-premises equipment (CPE), etc. In the discussion
herein, the terms machine-to-machine (M2M) device,
machine-type communication (MTC) device, wireless sen-
sor, and sensor may also be used. It should be understood
that these devices may be UEs, but are generally configured
to transmit and/or receive data without direct human inter-
action.

In an IOT scenario, a wireless communication device as
described herein may be, or may be comprised 1n, a machine
or device that performs monitoring or measurements, and
transmits the results ol such monitoring measurements to
another device or a network. Particular examples of such
machines are power meters, industrial machinery, or home
or personal appliances, e.g. refrigerators, televisions, per-
sonal wearables such as watches etc. In other scenarios, a
wireless communication device as described herein may be
comprised 1n a vehicle and may perform monitoring and/or
reporting of the vehicle’s operational status or other func-
tions associated with the vehicle.

The user equipment 18 herein may perform the processing
herein by implementing any functional means or units. In
one embodiment, for example, the user equipment 18 com-
prises respective circuits configured to perform the steps
shown 1n FIG. 6. The circuits 1n this regard may comprise
circuits dedicated to performing certain functional process-
ing and/or one or more microprocessors i conjunction with
memory. In embodiments that employ memory, which may
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comprise one or several types of memory such as read-only
memory (ROM), random-access memory, cache memory,
flash memory devices, optical storage devices, etc., the
memory stores program code that, when executed by the one
Or more microprocessors, carries out the techniques
described herein. That 1s, 1n some embodiments memory of
the user equipment 18 contains instructions executable by
the processing circuitry whereby the user equipment 18 1s
configured to carry out the processing herein.

FIG. 9A 1llustrates additional details of a user equipment
18 in accordance with one or more embodiments. As shown,
the user equipment 18 includes processing circuitry 410 and
communication circuitry 420 (e.g., one or more radio cir-
cuits). The communication circuitry 420 may be configured
to transmit via one or more antennas, which may be internal
and/or external to the user equipment 18. The processing
circuitry 410 1s configured to perform processing described
above, e.g., mn FIG. 6, such as by executing instructions
stored 1n memory 430. The processing circuitry 410 1n thas
regard may implement certain functional means or units.

FIG. 9B 1n this regard illustrates additional details of a
user equipment 18 1n accordance with one or more other
embodiments. As shown, the user equipment 18 may include
a rece1ving unit or module 440 for receiving the EAP request
28 and a transmitting unit or module 450 for transmitting the
EAP response 30. These units or modules may be imple-
mented by the processing circuitry 410 in FIG. 9A.

Similarly, the control plane function 14 (e.g., SMF) may
be provided or implemented by control plane equipment in
the control plane. Control plane equipment in this regard
may include one or more control plane nodes. Multiple
distributed control plane nodes may for instance host or
implement the control plane function 14 1n a distributed
manner. Alternatively, a single control plane node may host
or implement the control plane function 14 in a centralized
manner.

Control plane equipment herein may perform the process-
ing herein of control plane function 14 by implementing any
functional means or units. In one embodiment, for example,
the control plane equipment comprises respective circuits
configured to perform the steps shown 1n FIG. 7. The circuits
in this regard may comprise circuits dedicated to performing
certain functional processing and/or one or more miCropro-
cessors 1n conjunction with memory. In embodiments that
employ memory, which may comprise one or several types
of memory such as read-only memory (ROM), random-
access memory, cache memory, flash memory devices, opti-
cal storage devices, etc., the memory stores program code
that, when executed by the one or more microprocessors,
carries out the techniques described herein. That 1s, in some
embodiments memory of the control plane equipment con-
tains 1nstructions executable by the processing circuitry
whereby the control plane equipment 1s configured to carry
out the processing herein.

FIG. 10A 1illustrates additional details of control plane
equipment 500 in accordance with one or more embodi-
ments. As shown, the control plane equipment 500 includes
processing circuitry 510 and communication circuitry 520.
The communication circuitry 520 may be configured to
communicate with user equipment 18, e.g., via one or more
defined interfaces. The processing circuitry 510 1s config-
ured to perform processing described above, e.g., in FIG. 7,
such as by executing instructions stored 1n memory 330. The
processing circuitry 510 in this regard may implement
certain functional means or units.

FIG. 10B 1n this regard illustrates additional details of
control plane equipment 500 1n accordance with one or more
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other embodiments. As shown, the control plane equipment
500 may include a receiving unit or module 540 for receiv-
ing the EAP response 30 and a transmitting unit or module5
for transmitting the EAP request 28. These units or modules
may be implemented by the processing circuitry 510 1n FIG.
10A.

The EAP server 26 (also referred to as a backend authen-
tication server or authentication server) herein may perform
the processing herein by implementing any functional means
or units. In one embodiment, for example, the EAP server 26
comprises respective circuits configured to perform the steps
shown 1n FIG. 8. The circuits 1n this regard may comprise
circuits dedicated to performing certain functional process-
ing and/or one or more microprocessors 1 conjunction with
memory. In embodiments that employ memory, which may
comprise one or several types of memory such as read-only
memory (ROM), random-access memory, cache memory,
flash memory devices, optical storage devices, etc., the
memory stores program code that, when executed by the one
Or more microprocessors, carries out the techniques
described herein. That 1s, in some embodiments memory of
the EAP server 26 contains instructions executable by the
processing circuitry whereby the authentication server 26 1s
configured to carry out the processing herein.

FIG. 11 A illustrates additional details of an EAP server 26
in accordance with one or more embodiments. As shown, the
EAP server 26 includes processing circuitry 610 and com-
munication circuitry 620. The communication circuitry 620
may be configured to communicate with the user equipment
18 and/or the control plane function 14, e.g., via one or more
defined interfaces. The processing circuitry 610 1s config-
ured to perform processing described above, e.g., 1n FIG. 8,
such as by executing instructions stored in memory 630. The

processing circuitry 610 in this regard may implement
certain functional means or units.

FIG. 11B 1n this regard illustrates additional details of an
EAP server 26 in accordance with one or more other
embodiments. As shown, the EAP server 26 may include a
receiving unit or module 640 for receiving the EAP response
30 and a transmitting unit or module 650 for transmitting the
EAP request 28. These units or modules may be imple-
mented by the processing circuitry 610 in FIG. 11A.

Those skilled 1n the art will also appreciate that embodi-
ments herein further include corresponding computer pro-
grams.

A computer program comprises instructions which, when
executed on at least one processor (e.g., of a user equipment
18, control plane equipment 500, or EAP server 26), cause
the processor to carry out any of the respective processing
described above. A computer program in this regard may
comprise one or more code modules corresponding to the
means or units described above.

Embodiments further include a carrier contaiming such a
computer program. This carrier may comprise one of an
clectronic signal, optical signal, radio signal, or computer
readable storage medium.

What 1s claimed 1s:

1. A method of secondary authentication of a user equip-
ment, implemented by the user equipment, wherein the
method comprises:

recerving, from a session management function (SMF)

that serves as an extensible authentication protocol
(EAP) authenticator for secondary authentication of the
user equipment, an EAP request for an 1dentity of the
user equipment to be used in the secondary authenti-
cation, wherein the secondary authentication 1is:
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authentication of the user equipment for authorizing
establishment of a packet data unit session with a
data network external to a wireless communication
network comprising the SMF; and

performed 1n addition to primary authentication of the
user equipment executed between the user equip-
ment and an authentication function via a security
anchor function to authorize access of the user
equipment to the wireless communication network
comprising the SMF; and

responsive to the EAP request, transmitting an EAP

response comprising the identity from the user equip-
ment to the SMF.

2. The method of claim 1, wherein the SMF is configured
to forward the EAP request and the EAP response between
the user equipment and an EAP server that executes an EAP
authentication method for the EAP authenticator.

3. The method of claim 2, wherein the EAP request and
the EAP response are transmitted between the SMF and the
EAP server via a user plane function selected by the SMF.

4. The method of claim 1, wherein the EAP request and
the EAP response are encapsulated within respective non-
access stratum (NAS) protocol messages between the SMF
and the user equipment.

5. The method of claim 1, turther comprising;:

transmitting a session establishment request that triggers

the secondary authentication of the user equipment,
wherein the session establishment request comprises a
secondary 1dentity of the user equipment used for the
secondary authentication;

receiving a session establishment response comprising

either an EAP success message indicating success of
the secondary authentication or an EAP failure message
indicating failure of the secondary authentication.

6. A method of secondary authentication of a user equip-
ment, implemented by an authentication system, wherein the
method comprises:

transmitting, to a user equipment from a session manage-

ment function (SMF) that serves as an extensible

authentication protocol (EAP) authenticator for sec-

ondary authentication of the user equipment, an EAP

request for an 1dentity of the user equipment to be used

in the secondary authentication, wherein the secondary

authentication 1s:

authentication of the user equipment for authorizing
establishment of a packet data unit session with a
data network external to a wireless communication
network comprising the SMF; and

performed in addition to primary authentication of the
user equipment executed between the user equip-
ment and an authentication function via a security
anchor function to authorize access of the user
equipment to the wireless communication network
comprising the SMF; and

responsive to the EAP request, receiving at the SMF from

the user equipment an EAP response comprising the
identity.

7. The method of claim 6, further comprising forwarding
the EAP request and the EAP response between the user
equipment and an EAP server that executes an EAP authen-
tication method for the EAP authenticator.

8. The method of claim 7, further comprising transmitting,

the EAP request and the EAP response between the SMF and
the EAP server via a user plane function selected by the

SMFE.
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9. The method of claim 6, wherein the EAP request and
the EAP response are encapsulated within respective non-
access stratum (NAS) protocol messages between the SMFE
and the user equipment.
10. The method of claim 6, further comprising:
recerving a session establishment request from the user
equipment that triggers the secondary authentication of
the user equipment, wherein the session establishment
request comprises a secondary identity of the user
equipment used for the secondary authentication;

transmitting a session establishment response to the user
equipment, the session establishment response com-
prising either an EAP success message indicating suc-
cess of the secondary authentication or an EAP failure
message 1ndicating failure of the secondary authenti-
cation.

11. A user equipment comprising:

processing circuitry and memory, the memory containing

istructions executable by the processing circuitry
whereby the user equipment 1s configured to:
receive, from a session management function (SMF)
that serves as an extensible authentication protocol
(EAP) authenticator for secondary authentication of
the user equipment, an EAP request for an identity of
the user equipment used 1n the secondary authent-
cation, wherein the secondary authentication 1s:
authentication of the user equipment for authorizing
establishment of a packet data unit session with a
data network external to a wireless communica-
tion network comprising the SMF; and
performed 1n addition to primary authentication of
the user equipment executed between the user
equipment and an authentication function via a
security anchor function to authorize access of the
user equipment to the wireless communication
network; and
responsive to the EAP request, transmit an EAP
response comprising the identity to the SMF.

12. The user equipment of claim 11, wherein the SMF 1s
configured to forward the EAP request and the EAP response
between the user equipment and an EAP server that executes
an EAP authentication method for the EAP authenticator.

13. The user equipment of claim 12, wherein the EAP
request and the EAP response are transmitted between the
SMF and the EAP server via a user plane function selected
by the SMF.

14. The user equipment of claim 11, wherein the EAP
request and the EAP response are encapsulated within
respective non-access stratum (NAS) protocol messages
between the SMF and the user equipment.

15. The user equipment of claim 11, further configured to:

transmit a session establishment request that triggers the

secondary authentication of the user equipment,
wherein the session establishment request comprises a
secondary 1dentity of the user equipment used for the
secondary authentication;

recetve a session establishment response comprising

cither an EAP success message indicating success of
the secondary authentication or an EAP failure message
indicating failure of the secondary authentication.

16. An authentication system comprising:

processing circuitry and memory, the memory containing

istructions executable by the processing circuitry

whereby the authentication system 1s configured to:

transmit, to a user equipment from a session manage-
ment function (SMF) that serves as an extensible
authentication protocol (EAP) authenticator for sec-
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ondary authentication of the user equipment, an EAP between the SMF and the EAP server via a user plane
request for an i1dentity of the user equipment to be function selected by the SMF.

used in the secondary authentication, wherein the 19. The authentication system of claim 16, wherein the
secondary authentication is: EAP request and the EAP response are encapsulated within

authentic?ation ot the user equipmen‘F for agthor i;ing > respective non-access stratum (NAS) protocol messages
establishment of a packet data unit session with a between the SMF and the user equipment

d:ata network extern'ali to a wireless communica- 20. The authentication system of claim 16, further con-
tion network comprising the SMF; and figured to:

erformed 1n addition to primary authentication of . . .
P P Y receive a session establishment request from the user

the user equipment executed between the user 10 . . L.

: . : - equipment that triggers the secondary authentication of
equipment and an authentication function via a 0 _ © wherein th _ et t
security anchor function to authorize access of the © USel CqUpImet, W eremd © s‘eds SIOTL €5 ? LS i
user equipment to the wireless communication request comprises a secondary identity ol the user

equipment used for the secondary authentication;

network comprising the SMF; and t 3 _ b t o th
responsive to the EAP request, receiving at the SMF 15 FANSIIIE d - SESSI0M CHADHSIIENL: TESPONSE 10 LU USE
equipment, the session establishment response com-

from the user equipment an EAP response compris- . , = R
prising either an EAP success message indicating suc-

ine the identity. L :
17 Thf authemicatgon system of claim 16, further con- cess of the secondary authentication or an EAP {failure
| : message 1ndicating failure of the secondary authent-

figured to forward the EAP request and the EAP response _

between the user equipment and an EAP server that executes 20 cation. L .

an EAP authentication method for the EAP authenticator. 21 The authentlca_tjon system of claim 16, further com-
18. The authentication system of claim 17, further con- prising the SMF, an EAP server, or both.

figured to transmit the EAP request and the EAP response %k k%
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